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[CLAIMS] 

[Claim 1] 

A method of rnolding a plaotic molding which incl\ades preparing 
a pair of molds having at least one or more transfer surfaces, a 
slidable cavity die for forming a surface other than the at least 

defined by the transfer surfaces and cavity die, heating said molds 
below a softening temperature of r-f^.-s-in, ■! nj ftnt i ng the melted resin 
heated to the softening temperature or higher into said cavity to 
fill said cavity with the melted resin, generating a resin pressure 
on said transfer surfaces to bring the resin into close contact. 
with said transfer surfaces, cooling down rhe resin below the 
softening temperature^ and opening the molds to take out a plastic 
molding, said method of molding a plastic molding characterized 
by r 

injecting a gas from at least one or more vents formed in said 
slidable cavity, and sliding said slidable cavity die away from 
the resin, when said melted resin is cooled down below the softening 
temperature, to forcedly form a gap between the resin and cavity 
die* 

[Claim 2] 

A method of molding a plastic molding according to claim 1, 
characterized in that said slidable cavity die is slid tn f o-rn^rn y 
form the gap between the resin and cavity die at the time said resin 
pressure is reduced to 60 MPa or lower. 

[Claim 3] 

A method of molding ;=i plastic molding according to claim 1, 
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characterized in that said gas is injected at a pressure in a range 
of 0.1 MPa to 0-2 Pa. 
[Claim 4] 

Arnold for in j ection molding a plaotic molding^ having a cavity 
surface for defining a cavity having a predetermined volume, and 
at least one or more transfer surfaces on said cavity surface^ said 
cavity being filled with a melted resin heated to a softening 
temperature or higher and in j ected thereinto to transter tiie transfer 
surfaces to said resi n th ;=j rft/Jii n pr^=tftftTi r€=i generated in said cavity.* 

saidmold for in jectionmolding a plastic molding characterized 
by comprising a cavity die for forming wall surfaces of the at least 
one or more cavity surfaces except for said transfer surfaces, and 
a vent formed in said cavity die, said cavity die being made slidable 
tor forming the entirety or part of the wall" slift aces ot tne at 
least one or more cavity surfaces except for said transfer surfaces, 
wherein a gas is injected from said vent, and said slidable cavity 
die is slid away from the resin when said resin pressure reaches 
a predeLeriiLixifcjd iJi.eiji5ui.e Lo rwic::^dly form a gap between the resin 
and slidable cavity die . 

[Claim 5] 

A mold for injection molding a plastic molding according to 
claim 4, wherein the resin pressure within said cavity is set to 
60 MPa ojc lowcx when oaid slidable cavity die is separated from 
the resin^ 

[Claim 6] 

A mold for injection molding a plastic molding according to 
claim 4, wherein said gas is set at a pressure in a range of 0 - 1 
MPa to 2 MPa- 
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[Claim 7] 

A mold for injection molding a plastic molding according to 
claim wherein said vent is located in said slidable cavity die. 

[Claim^ 8] 

A iuulU r^JL iii j eoLioii raoldincf a plaotio molclxncf aooo3rdi.ncf •tvj — 

claim 4, wherein said vent is located between said slidable cavity 
die and an adjacent cavity die. 
[Claim 9] 

A mold for injection molding a plastic molding according to 
claim 4, comprising a pressure controller for applying a pressure 
to said slidable cavity die, wherein said slidable cavity die is 
applied with a pressure by said pressure controller such that the 
resin pressure witiiin* said — cavity-ris SQual to or higher than a 
predetermined pressure. - 

[Claim 10] 

A mold for injection molding a plastic molding according to 
tjlcdlm 4/ 5 cjji' 9/ wlifcjxtelii tsdld pressure (joiitxroller comprises driving 
means including a hydraulic cylinder or an electric motor, such 
that said slidable cavity die is slid by said driving means, 
[Claim 11] 

A mold for injection molding a plastic molding according to 
claim 4/ 5, 9 or 10, comprising pressure detecting means arranged 
in said cavity for detecting the resin pressure in said cavity, 
and sliding means for sliding said cavity die based on information 
detected by said pressure detecting means. 

[Claim 12] 

A mol r3 "for' n n j^r'-l". "I wi'i moT Tj I I'ltj a £jT-rt-.*rl .xv: im-)!-!-}-; mj— ^ c-,c:ri r i tiq • iro~ 
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claim 4, wherein said slidable cavity die has a surface in contact 
with the resin, said surface being treated v/i.th a. material, having 
a low adhesion with the resin* 
[Claim 13] 

A mold for injection molding a plastic molding according to 
claim 4, comprising a step formed on a surface of said transfer 
surface which is connected to said slidable cavity die. 

[DETAILED DESCRIPTTQM OF THK TNVFNTTON] 
[0001] 

[Technical Field Pertinent to the Invention] 
The present invention relates to a method of molding plastic 
moldings such as plastic moldings for applications in optical 
scanning systems in laser-based digital copiers, laser printers 
or facsimile apparatus, optical devices such as video cameras, 
optical discs, and the like, particularly, . thick plastic lenses, 
plastic mirrors or_ the like having highly accurate mirror surfaces 
ixi tl-iiokness- vaj_y iiiy alicipt^, cijid a mold for In^] ectlon molding wnicli 
can facilitate the separation of a cavity die from a molding resin 
to reduce deformation of a product due to an adhesion of the molding 
resin to the cavity insert upon separation, thereby improving the 
molding accuracy of the plastic moldings , 
[0002] 
[Prior Art] 

Injection molding methods for plastic products may be 
classified into a normal injection molding method and an injection 
compression molding method. The normal injection molding method 
involves injecting a mel tt^d rft.<j -i n -i nto a cavity having a fixed volume 
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of a mold, the temperature of which is set below the softening 
temperatare of the molding resin, to fill the cavity with the melted 
resin, cooling down the resinwhile controlling a follow-uppressure, 
and opening the mold to tako out the molding. The injection 
compression molding method, which employs a slidable transfer die 
within a mold for forming a transfer surface, involves injecting 
a melted resin into a cavity having a predetermined volume of a 
mold, the temperature of which is set below the softening temperature 
of the molding resin^ to fill the cavity with the melted resin, 
and sliding the transfer die following the shrinkage of the volume 
of the resin to apply the resin with a pressure during the cooling 
associated with a controlled follow-up pressure to highly accurately 
ruiui Lhe shape of the molding* 

In these methods, the resin pressure and resin temperature 
are preferably uniform within the mold when the resin is cooled 
down for solidification. However, the injection molding method 
suffers from non-uniform resin temperatures in a thicker portion 
and G thinner portion during the cooling when a molding has a varying 
thickness, causing a residual pressure in the thinner portion or 
a sink in the thicker portion. In addition, for molding a thick 
molding, a resin largely shrinks in volume during a cooling process, 
making the same more prone to sinks • When a larger filling pressure 
is applied to prevent sinks, a large residual distortion occura, 
thereby failing to provide a highly accurate molding. 
[0003] 

The injection compression molding method in turn can carry 
out the molding at a lower filling pressure than the injection molding 
method. However, with a thickness varying shape, the injection 
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compression molding method suffers from a difference in tihe amount 
of shrinkage due to a difference in thickness of a molding, which 
prevents the transfer die from following the shrinkage of the resin, 

c: Aliasing ^p^Lzra t ion of th^ t iranef ©ir die f irom-t he- ares isr^.^ a j»irik pro<d^ji'ir^<4 
from the point of the resin from which the transfer die is separated, 
and a resulting degradation in* shape accuracy. To solve such 
problems. Laid-open Japanese Patent Application No* 6-304 973 
proposes an injection iroic* { he"'"e'i i^^'^'ter ob i i.ec* t.h^ ti r-^t p^cjor c»rt 
exPimp1<a) . Th-ift i n j e=tr.t "i on mold oompri ftc^.s ve^nt formed on ;3 ^urf^cif* 
other than a transfer surface (mirror surface) ^ and generates a 
pressure difference between the transfer surface and the vicinity 
of the vent to produce a sink near the vent, thereby avoiding an 
iriL«:?nicil di^UoJiLiuii Lv pxtjvtiiiL d. aiiik <^xi Lhts iulj.i.ui- iiuircn^e. 
Japanese Patent Application 9-164316 in turn slides a cavity die 
for forming a surface other than a transfer surface away from a 
resin to forcedly define a gap between the resin and cavity die 
to produce a sink in a portion of the resin facing the gap to prevent 
ci sink on the transfer surface, cuid Lu j-cduue <=lu liiLtsmeLl dJLi? Lor Lion 
remaining in a molding (hereinafter called the second pri<>r ^rt 
example) - However, in the first prior art exarr^le, the sink does 
not extend widely over the surface other than the trantjfcr surftiije! 
but non r;«nt rat ^.5^ nf^«r thi=' V(=*n1- Tho-rta-Tore, 't^hen a larger molding 
ie concerned, portions largely sipaocd from the vent are not benefitted 
from the effect of preventing a sink in other portions by producing 
the sink near the vent, resulting in a sink produced in a portion 
of the transfer surface largely spaced from the vent. 

In the second prior art example, in turn, for providing 
a laraer molding with a high aarA^rpiay, ^ morf^ ptxt<=in.c?-i .-sw .e5n.n.V mi.i.«3t 
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be purposefully produced on a surface other than the transfer surface , 
so that a large contact area is inevitable between the separating 
cavity die and resin to increase the adhesion betv/een the resin 
and cavity die upon separation, causing a deformation of the molding 
due to the adhesion. 

[0004] 

[Problem to be solved by the Invention] 

Therefore, the present invention has its challenge to devise 
a molding method and ?^ mnlri for injection molding which can highly 
accurately manufacture even a large molding^ a thick molding, or 
a thickness varying molding at a low cost by reducing the adhesion 
between a resin and a cavity die in the foregoing prior art which 
forcedly d^rin^y ci gap between the resin and cavity die to generate 
a sink in a portion of the resin facing the gap_ 
[0005] 

[Means Taken for Solving the Problems] 
[Solution 1] 

Solution 1 made for s<jlvliig ttie problems is based on a method 
of molding a plastic moldinq which includes preparing a pair of 
molds having at least one or more transfer surfaces, a slidable 
cavity die for forming a surface other than the at least one or 
more transfer surfaces, and at least one or more cavities defined 
by the transfer surfaces and cavity die, li^dLlng the molds below 
a softening temperature of a resin, in j ect inq the melted resin hft;=^ ted 
to the softening temperature or higher into the cavity to fill the 
cavity with the melted resin, generating a resin pressure on the 
transfer surfaces to bring the resin into close contact with the 
transfer surfaces, cooling down the xesin below the ooftening 
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temperature, andl opening the molds to take out a plastic molding, 
wherein: 

a gas is injected from at least one or more vents formed in 

the resin, when the melted resin is cooled down below the softening 
■cemperarure, ro rorceoxy rorm a gap between the resin and cavity 
die. 

[0006] 

[Implementation 1] 
In implementation 1 of the solution 1, the slidable cavity 
die is slid to forcedly form the gap between the resin and cavity 
die at the time the resin pressure is reduced to 60 MPa or lower. 

[Implementation 2] 
In implementation 2 of the solution 1, the gas is injected 
at a pressure in a range of 0. 1 MPa to 0.2 Pa. 

[0007] 
[Actionc] 

Solution 1 provides the following actions. 

Solution 1 prepares a pair of molds (see Fig. 1) having at 
least one or more transfer surfaces, a slidable cavity die for forming 
a surtace other than the at least one or more transfer surfaces, 
;^nd at l^ast one or more cavities defined by transfer surfaces 

and cavity die, heats the molds below a softeninq temperature of 
a resin, injects the melted resin heated to the softening temperature 
or higher into the cavity to fill the cavity with the melted resin, 
generates a resin pressure on the transfer surfaces to bring the 
resin int-tr-cloae contact with the t-r^nster surtaces, and ccole down 



the resin below the softening temperature. In this event, the 
slidable cavity is slid away from the resin, while a gas is injected 
from the at least one or more vents formed in the slidable cavity 
die to 'forcedly form a gap between the resin and slidable cavity 
die (see Fig. 2) , After cooling down the resin below the softening 
temperature^ the molds are opened to take out a molding. When a 
plasticmolding is molded in this method at such a low filling pressure 
tliciL ccixi (jciuae a sink therein, the gas injected from the vent: enters 
between the resin and slidable cavity die, facilitating the 
separation of the slidable cavity die from the resin, when the 
slidable cavity die is separated from the resin during the cooling 
of the resin below the softening temperature • As the slidable cavity 
die io olid to form the gap between thy (-.'uvlLy surface and resin, 
an adhesion (binding force) with the slidable cavity di e di ?;^^ppears, 
so that a contractile force associated with the cooling of the resin 
is applied on the cavity surface formed by the slidable cavity die. 
Also, a concave or convex shape is purposefully and selectively 
formed on the cavity aurface formed by Llie tslidable cavity aie (see 
Fig, 3) because an intervening air layer in the gap causes the Mvity 
surface in contact with the air layer to delay in cooling, with 
a smaller thermal conductivity than the other cavity surface. As 
a result, a transfer accuracy can be improved for the transfer 
surfar.AA. Particularly, when thio molding is an opLicjal element 
such as a lens, a highly accurate molding can be provided with a 
small residual distortion because of the ability to set the low 
resin pressure which is generated by injecting the melted resin 
inUo tne molds for filling. 

In Solution 1, when the slidable c^v-ity die is slid to forcedly 



form the gap between the resin and cavity die at the time the resin 
pressure is reduced to 60 MPa or lower, the cavity surface can be 
purposefully and selectively formed in a concave and convex shape 
by the slidable cavity die, 
[0008] 

Also, when the gas is injected at a pressure in a range of 
0.1 MPa to 0*2 Pa^ the slidable cavity die can be readily. aepara.tfid. 
from the resin- 
Further, when transparency is required for an optical element 
to be molded, the resin can be a non-crystalline resin, the softening 
temperature of which is equal to its glass transition temperature, 
for example, polymethacrylate resin, polycarbonate resin, alicyclic 
acrylic resin, non-crystalline polyolef in copolymer (fox example, 
manufactured under aproduct name ZeonexbyNippon Zeon Corporation) , 
cyclic olefin copolymer (for example, manufactured under a product 
name Apel by Mitsui Sekisho Kagaku Kogyo Corporation) , and the like ♦ 
Alternatively, this molding method can use a crystalline resin, 
the ooftcning temperature of which is equal to it:? glass transition 
temperature* Though not particularly limited, the qas should be 
air or a nitrogen gas because it is safe and inexpensive. 
[0009] 
[Solution 2] 

Solution 2 made for solving the a£o x>=3meu Lioxied problcmn^lo 
based on a mold for injection molding a plastic molding, having 
a cavity surface for defining a cavity having a predetermined volume , 
and at least one or more transfer surfaces on the cavity surface. 
Wherein the cavity is filled with a melted resin heated to a softening 
temperature or higher and injected thereinto to transfer the transfer 



surfaces to the resin with a resin pressure generated in the cavity. 

The mold has a cavity die for forming wall surfaces of the 
ar leasr one or more cavity surf aces except for the transfer surfaces, 
and a vent -Fnr^Rd in the cavity die which is made slidoblc for forming 
the entirety or part of the wall surfaces of the at least one or 
more cavity surfaces except for the transfer surfaces, wherein a 
gas is injected from the vent, and the slidable cavity die is slid 
aw*:iy rjLoxu the resin when "Che resin pressure reaches a predetermined 
pressure to forcedly form a gap between the rft5;i n ^nd slidable cavity 
die* 

[0010] 

[Implementation 1] 

In Implementation 1 of SoluLloxi 2, rhe resin pressure 
within the cavity is set to 60 MPa or lower when the slidable navity 
die is separated from the resin* 

[Implementation 2] 

In ImplementatJ.on .2 utS.^ri. 2 .the.g=8. is- ect -a-t •o-pl^c=!^urc• 

in a rang© of 0 , 1 MPa to 2 MPa , 

[Implementation 3] 
In Implementation 3 of Solution 2, the vent is located in the 
slidable cavity die. 

L Implementation 4] 
In Implement;^t-lon 4 of Solution 2, the vent is located between 
the slidable cavity die and an adjacent cavity die. 
( Implementation 5] 
Implementation 5 of Solution 2 has a pressure controller for 
applying <± pressure to the slidable cavity die, wherein the slidable 
cavity die is applied with a pressure by the pr-Rssure controller 



such that the resin pressure within the cavity is equal to or higher 
than a predetermined pressure. 

L Implementation 6] 
In Implementation 6 of Solution 2, the pressiire controller 
in Tmpleiaentation 5 comprises driving means including a hydraulic 
cylinder or an electric motor, wherein the slidable cavity die is 
slid by the driving means. 

[ Iitiplementation 7 ] 
Implementation 6 of Solution 2 r.ompr-i.ses pressure detecting 
means arranged in the cavity for detecting the resin pressure in 
the cavity, and sliding means for sliding the cavity die based on 
information detected by the pressure detecting means, 
[ Imp 1 eme n t a t i on 8 ] 
In Implementation 8 of Solution 2, the .sl-idsble cavity die 
has a surface in contact with the resin, wherein the surface is 
treated with a material having a low adhesion with the resin, 
[Implementation 9] ' " 

Implementation 9 of Solution 2 coiupilBes a Step formed on a 
surface of the transfer surface which is connected to the slidable 
cavity die. 

[0011] 
[Actions] 

'TH© eoli-i-t-i-on pr-o—icieo Lli^^ folic^wi'ng acciony. 
In the mold for injection molding a plastic molding adapted 
to transfer the transfer surf-aoao onto a resin, LIic veiiL la fo-nufed • 
in the cavity die for forming wall surfaces of the at least one 
oi mure cavity surfaces except for the transfer surfaces, the cavity 
die is made slidable for forming the ent-i i-ety or part of the wall 
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surfaces of the at least one or more cavity surfaces except for 
the transfer surfaceSr and the pressure controller is connected 
to the slidable cavity die (see Fig. 4), A gas is injected from 
t.hft v<sn1-, and the slidable cavity die ie slid away from the aresin 
when the resin pressure reaches a predetermined pressure, thereby 
forcedly forming a gap between the resin and cavity die. When a 
plastic molding is molded using this mold at such a low filling 
pressuiti LhaL can cause a sink therein, the gas injected from the 
vent enters between the resin and slidable n^^v-i ty die, facilitating 
thie sepaxciijiTJTi or Lhe* slidable* cavicy' die "froih the resin, when the 
j^T 1 fi^ble cavity die is Swpe4i-«^^;.ud fsrciTL tihc- re-^ain-dxirdrng- 
of the resin below the softening temperature . As the slidable cavity 
die ic did to form the gap on the cavity yuiface, an adhesion (binding 
force) with the slidable cavity die disappears, so that r.ontractil© 
force a5?-!ucl<il:ed wirtrthe cooling of tne resin is selectively applied 
on the cavity surface formed by the slidable cavity die. Also, 
a concave or convex shape is purposefully and selectively formed 
on the cavity £3urfacc formed by the sliUcible cavity die because 
an intervening air layer in the gap causes the cavity surfacf^, in 
contact with the air layer to delay in cooling, with a smaller thermal 
conductivity than the other cavity surface . As a result, a transfer 
accuracy can be improved for the transfer surfaces. 
[0012] 

With the resin pressure set to 60 MPa or lower when the slidable 
cavity die is separated from the resin, a concave or convex shape 
is selectively formed on the cavity surface formed by the slidable 
cavlLy die- 

The gas is most effectively set at: ^ pressure in a rang© of 
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0,1 MPa to 2 MPa. 

When the vent is located in the cavity die, the gas can be 
effectively introduced between the cavity die and resin^ thereby 

facilitating the sepa.2rat:±on of the slidabl© cavity die from the 
resin. 

Depending on the shape of the slidable cavity die, miniature 
grooves may be formed on the outer surface of the slidable cavity 
die to provide the vents between the slidable cavity die and another 
adiacent cavity die, thereby producing similar advantageous effects 
(see Fig- 5) . 

A pressure applying device can be connected to the slidable 
cavity die to apply a pressure to the slidable cavity die by the 
pressure applying devi^re such -that the resin "--ur wlLiiin the 
cavity reaches the predetermined pressure or higher, thereby highly 
accurately transferring the transfer surfaces onto the resin. 

The pressure applying device may be implemented by a mechanism 
_ which has driving means including a hydraulic cylinder or ran a Vfictric 
motor and a pressure controller for controlling a pre:syui*ti applied 
by the driving means, thereby simplifying the mold structure. 

Pressure detecting means may be further provided in the cavity 
for detecting the resin pressure within the cavity such that the 
pressure applied to the slidable cavity die is controlled based 
on informat-i on detected fay the pressure detecting means to iitip3:-ove 
the stability of the highly accurate transfer surfaces provided 
by the injection molding. 

Depending on the type of used resin, a high adhesion can be 
pxoauueU between the metal surface ot the slidable cavity die and 
a non-transfer surface of a molding, causing di ff -i nult ies in 
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rf^l easing t.he rR5?in from t:he. j=s1..1da.Kl.e .c?»3r-i,+-.y .d.i.^a.,. .T^nd -def cvrmation 
of a resulting molding. Therefore^ the surface of the slidable 
cavity die, in contact with the resin, can be surface-treated with 
a material having a _low- jadhasJ^cjx tK..a_ ne.ft.ija.j^.^r>ri 
{ titaniumnitride) , TiCN (titanium cyanide) f W2C ( tungsten carbide) ^ 

DLC (diamond-like carbon) ^ WC/C (tungsten carbide/carbon composite) , 
a teflon resin containing metal, or the like, thereby facilitating 
the release of the resin from the slidable cavity die. 

In addition, since TiN (titanium nitride) , TiCN (titanium 
cyanide) , W2C (tungsten carbide) are highly resistant to abrasion, 

a sliding surface of the slidable cavity die can be treated with 
these materials to additionally improve the durability of the sliding 
surface . 

Moreover^ the gas injected from the vent at the leading end 
of the airway could introduce into the transfer surfaces to adversely 
affect the shape accuracy of the transfer surfaces^ so that the 
step can be formed on a portion of. the transfer surface which is 
connected to the cavity surface formed by the slidabli5s udvlLy die 
to prevent air from int roducliiy InLo the transfer surface, thereJoy " 
making it possible to avoid the adverse affections to the shape 
accuracy of the transfer surfaces (see Fig. 6) . 
[0013] 

[ Embodiments ] 

Next/ embodiments will be outlined with reference to the 
drawings - 

Fig- 1 illustrates a prototype of an injection mold to which 
the present invention is applied, wherein a lower half raold 1 and 
an upper half mold 2 have cavity dies 4, 5, respectively^ for-fOTTning 
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transfer surfaces 3, 3, and the lower half mold 1, upper half mold 
2, cavity dies 4, 5 and a slidable cavity die 6 define a cavity 
7 for injection molding. The slidable cavity die 6 is provided 
for forming a non-transfer surface. 

After the mold is heated below the softening temperature of 
a resin, the cavity is filled with the melted resin, injected 
thereinto, which has been heated to the softening temperature or 
higher. Then, a resin pressure is produced on the transfer surfaces 
1\ tn hri nry l^hft rft.si n -i ntn r.l oft(=» r.nn-|-;^r:t with the transfer sxirf aces, 
and the resin is cooled down below the softening temperature. In 
thi's ^enr, "che slidable caviry die 6 is' slid a"way from the resin 
to forcedly form a gap between the resin and cavity die 6, After 
Lhe refill it? cooled down below Lhe BofLeiiing temperature, the mold 
is opened to take out a molding. The foregoing is a conventional 
injection molding method using the mold illustrated in Fig. 1. 
[0014] 

Figs. 2, 3 illustrate an embodiment in which the present 
inv^&ntioTi applied to the luolU in Fig. 1, wherein an airway 8 
of a proper size is formed at the center of the slidable cavity 
die 6. This is a difference in structure with respect to the mold 
in Fig. 1. It should be noted that the airway 8 having a large 
diameter is inconvenient because a melted resin filled in the cavity 
introduces into a vent at the leading end of the eirway 8, while 
the airway 8 having an excessively small diameter impedes smooth 
injection of a gas, so that an appropriate diameter therefor is 
in a range of 2/100 mm to 3/100 mm. 

With this mold^ the cavity 7 is filled with a melted resin, 
injected thereinto, whinh h^j^i been heated to the softening 
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temperature or higher^ and a resin pressure is generated on the 
transfer surfaces to bring the resin into close contact with the 
transfer surfaces. Subsequently, when the resin is cooled down 
below the softening temperature, a gas is injected through ciL ItJiiLisL 
one of more airways 8 formed in the slidable cavity die 6 toward 
the resin 9 within the cavity^ while the slidable cavity die 6 is 
slid away from the resin in a direction indicated by an arrow B. 
In this way, a gap 10 is forcedly formed between the resin 9 and 
slidable cavity die and the resin 9 is cooled down below the 
softening temperature. Subsequently, the mold is opened to take 
out a molding. When a plastic molding iris mol-ded in this raethod 
at such a low filling pressure that can cause a sink therein, the 

gac in-leir^l-^iH -P -h* Vs *-* tti—, -r^ t~ — i -t- -»- V» 1 ^ ^ < ^ ^ «^ « „ 4 - ^ ^ . n ^ _^ j 

between the resin 9 and si i Hrsbl f=i cavity di« C, facilitating th« 
separation of the slidable cavity die 6 from the resin 9, when the 
slidable cavity die 6 is separated from the resin during the cooling 
of the resin below the sof tening temperature . - fts the slidable cavity 
die C is slid to forxu Lhts yap 10 on rhe cavity surrace, an adhesion 
(binding force) with the slidable cavity die 6 di .qapp^^^rs, s^z^h^t 
a contractile force associated with the cooling of the resin is 
selectively applied on the cavity surface formed by the slidable 
cavity die 6. Also, a concave or convex shape 11 is purposefully 
^riu weiecrivciy rormea on tne cavity suxXcuje formed by the slidable 
cavitydiee (Fig. 3 illustrates the formation) because an intervening 
air layer in the gap 10 causes the cavity surface in contact with 
the air layer to delay in cooling, wi th ?^ smaller thermal conductivity 
than the other cavity surfaces (transfer surfaces 3) . As a result, 
a transfer accuracy c?5n Hr improved for th© transfer curfaces- 
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The gap is formed between the resin and slidable cavity die 
6 when the resin pressure is reduced to 60 MPa or lower. 
[0015] 

'coh'trb'irer to the* mo id' xn t'lg, '^f comprises a nyarauj.ic cyiinoer 
21 for applying a pressure to the slidable cavity die 6, and the 
pressure controller 22 for controlling the applied pressure. The 
pressure controller 22 adjusts a driving torce- o-i^ -i-bP. hyriranl i r. 
cylinder 21 to the slidable ca-o-ity Hips 1-.o ;=^pp1 y ri pr^^saure to 
the cavity die such that the resin pressure within the cavity is 
equal to or higher than a predetermined pressure. 
[0016] 

An embodiment: illusrrated in rig* 5 comprises a plurality of 
grooves (the depth of which is in a range of 2/1O0 mm to 3/100 mm) 
symmetrically formed on the outer surface of a slidable cavity die 
16 to form a plurality of airways 18 with the grooves. A gas is 
injected between the resin 9 and slidable cavity die 16 from vents 
at tlie leading ends of Llie alxwayia 18 Lo roxai d y<sip 10* Even when 
the slidable cavity die has a cavity surface too small to provide 
the airway 8 in the embodiment of Fig, 2, a plurality of grooves 
cirti ittdUlly formed on the outer surface -cff L*ht5 s"l-Ld^i7le c-*?cr-iby- dle^ 
SO that this embodiment is effective in such a case. 

Th« grooves in this embodiment are similar to the vent in the 
embodiment in Fig, 2 in that their proper width and depth correspond 
to the diameter of the vent in the range of 2/100 mm to 3/iOO mm, 
[0017] 

A cjas Injected from the vent at the leading end c/f -the -ecirTrjay • 
r.oniri -introduce into the transfer surfaces to adversely affect the 
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shape accuracy of the transfer su^rfaecs, so that an embodiment in 
Fig. 6 provides a step 30 on a portion of the transfer surface which 
is connected to the cavity surface formed by the slidable cavity 
die Lo pxt:5vent the gas from introducing i ni-.rj t-.hn t.-r.^nafci: surface. 
T]f>e step 30 mucsr: tiave a widUli i=kndi li^icfht etqu-di -L-.v _J.-^c^*-i; .thar^- 
0.3 mm, though depending on a pressure at which the gas is injected- 
When the gas is injected at a pressure in a range of 0.1 MPa to 
2 MPa/ proper width and height are in a range of 0.5 to 1 mm. 

[Effects of the Invention] 

(1) Effects of Invention by Solution 1 

In a method of molding a plastic molding which includes preparing 
a pair of molds having at least one or more transfer surfaces, a 
slidable cavity die for forming a surface orher Chan the at least 
one or more transfer soT-F^r:^.^;, r^nd :^t. I^.ast one or more cavities 
defined by the transfer surfaces and cavity die, heating the molds 
below a softening temperature of a resin, injecting the melted resin 
heated to the softening temperature or higher into the cavity to 
fill Lhe caviLy wxLh Lhe iutslLed retslii, generaLiiig a reaiii pressure 
on the transfer surfaces to bring the resin into close contact with 
the transfer surfaces, cooling down the resin below the softening 
temperature, and opening the molds to take out a plastic molding, 
a gas is injected from at least one or more vents formed in the 
slidable cavity, and the slidable cavity die is ^lid away from the 
resin, when the melted resin is cooled down below the softening 
temperature, to forcedly form a gap between the resin and cavity 
die, thereby making it possible to purposefully and selectively 
form a molded surface formed by the cavity die with a convex or 
rronn^vR 5?h;qpp%, lro carry out the molding at a low pressure within 
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a range which a residual distortion produced in a molding will not 
affect the performance, and to consequently provide a molding having 
less distortion and highly ?5r>.nr;qt.e shape accuracy even if it is 
large, thick, or varying in thickness , Aleo, even with an in j ection 
molding method which is a low cost mass production method^ in other 
words, even when the mold is heated below the softening temperature 
of a resin, a desired shape accuracy can be ensured, so that a cooling 
time (molding time) can be reduced to save tne manufacturing cost. 

(2) Effect of Implement at i.on 1 o-F Solution 1 

A concave or convex shape can be purposefully and selectively 
formed on a molded surface formed by the slidable cavity die. 

(3) Effect by Implementation 2 of Solution 1 

The resin can be readily aeparaLed from LhtJ ylidable cavity 

di e - 

(4) Effects of Invention by Solution 2 

A mold for injection molding a plastic molding has a molding 
surface for defining a cavity having a predetermined volume, and 
a.t least ene or more trsnsfor curfciccc cn tJic ccivity curracc, v/hcrcin 
the cavity is filled with a melted resin heated to a softening 
temperature or higher and in j ected thereinto to transfer the transfer 
surfaces to the resin with a resin pressure generated in the cavity. 
The mold ha3 a cavity die-for f ormi-n-g -waii -suxf-efo-^^^-ox-Lhe at-leatj-L- 

on^ rnoir^ cavity suL3=-£a<;:«3 ^accept for- the tranaf^i? , and 

a vent formed in the cavity die, wherein the cavity die is made 
slidable for forming the entirety or part of the wall surfaces of 
the at least one or more cavity surfaces except for the transfer 
surfaces, a gas is injected from th<=! v«nL diid Lhe aiidable cjcivity 
di^ 1 fii slid Awriy f-rnm the Tesin, when the resin pressure reaches 
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a predetermined pressure, to forcedly form a gap between the resin 
and slidable cavity die, thereby making it possible to purposefully 
and selectively form a molded surface formed by the ca^'ity die vjith 
a convex or concave ehape, to oarry out the molding at a low pressure 
within a range in which a residual distortion produced in a molding 
v^xH xiy \^ cif f tiC L the per f o^rmance / and to conscs-c^uervt ly provide a luoiding 
having less distortion and highly accurate shape accuracy even if 
it is large, thicJc^ or varying In riiickness. Also, even with an 
injection molding methnd wh i nh .i s a low cost mass production method, 
in other words, even when the mold is heated below the softening 

SO that a cooling time (molding time) can be reduced to save the 
manufacturing cost • 

(5) Ettect ot implementation"! or' h>oiution 2 

A concave or convex shape can be selectively formed on the 
molded surface formed by the slidable cavity die. 

(6) Effect of Implementation- 2 of Solution 2 

The xealii e;£iii L)« xtsctdlly s«pcii.ciLtid fiLUiu Lliti cjllddble LJ<=ivlLy 
die- (7) Effect of Implementation 3 of Solution 2 

The resin can be readily separated from the slidable cavity 
die. (8) Effect of Implementation 4 of Solution 2 

The resin can be readily separated from the slidable cavity 

die * 

(9) Effect of Implementation 5 of Solution 2 
The cavity die can be fixed, so as not to move, by the resin 
pressure generated when the melted resin is inj ected into and filled 
in the cavity, so that the transfer surfaces can be highly accurately 
t r;*5n55!f er re.d onto th*=i rft^^in with the rp-.-sj-in p-rf>.ssnT-« rjfin<=sra t^ri in 
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the cavity. 

(10) Effect by Implementation 6 of Solution 2 
The mold can be simpirtiea in structure • 
(XI) ETfect for Implementation 7 of Solution 2 
In continuous molding, a stable concave or convex shape can 

be formed without fail on a molded surface formed by the cavity 

die . 

(12) Effect by Implementation 8 of Solution 2 

The resin can k>« readily separated from the slndablPi r:;=iv-i ty 
die, (13) Effect by Implementation 9 of Solution 2 

Air injected from the vent can be prevented from introducing 
into the transfer surfaces to improve the shape accuracy of the 
transfer surtaces - 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

A vertical sectional view of a conventiona-l^^n jection mold 
having a slidable (-qivlL^ clle. 
[Fig. 2] 

A vertical sectional view of an injection mold illustrating 
a first embodim«iiL* uf Lh« prtsyenL liiveiiL"ioii. 
[Fig. 3] 

A vertical sectional view of the injection mold illustrating 
the first embodiment of the present invention - 
[Fiq. 4] 

A vp.rti .^ec!.1ri onal .^^i ew..rvf: . ^n. .i n j.*^r.t'.ionmr»,1.d..'i 1 1 i.iRhr;?*hiT:irj.. 
a second embodiment of the present invention, 
[Fig, 5] 

A vertical sectional view of an injection mold illustrating 



a third embodiment of the present invent ion - 
[Pig. 6] 

A vertical sectional view of an injection mold illustrating 
Lhe Ulilxd embodiment of the prcocnt invention. 

Description of Reference Numerals 
1: Lower Half Mold 
2: Upper Half Mold 
3: Transfer Surfaces 

4y 5: Cavity Dies Having Transfer Surface.^ 
6r 16: Slidable Cavity Dies 
7 : Cavity 
8, 18: Vents 

10: Gap 

21: Hydraulic Cylnndp.r 
22": t^ressure Ce*xiLrfjllhir- 
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[TITLE OF DOCUMENT] ABSTRACT 
[Abstract] 

[Problem to be Solved by the Invention] 

In ail Injection molding tcchnicjuc which forcedly defines a 
gap between a resin and a cavity die to produce a sinl^ in a portion 
of the resin facing the gap, a molding method and a mold for injection 
molding are devised to permit manufacturing of a highly accurate 
molding at a low cost even it it is large, thick, or varying in 
thickness by reducing an adhesion betw<=i«=in the resin and cavity die, 

[Means Taken to Solve Problem] 

In a method of molding a plastic molding which involves 
generating a resin pressure on transfer surfaces to bring Lli^ xesln 
into close contact with the transfer .surf ar:es, subsequently cooling 
down the resin below the softening temperature, and opening the 
mold to take out a molding, a gas is injected from at least one 
or more vents formed in a slidable cavity die, and the slidabie - 
cavity die is slid away from the resin, when the melted resin is 
cooled down below the softening temperature, to forcedly form a 
gap between the resin and cavity die. 

[Selected Drawing] Fig. 2 
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